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N FOWLS, the pullet egg production is highest, followed by a decline ranging from 12 to 20 percent per year (Brody et al. 1923; Hall and Marble, 1931; and Clark, 1940) . The decline in yearly egg production has been suggested by Brody (1945) as a measure of senescence or of the aging process. Crew (1925) reported that a group of 5 to 8 year old fowls underwent rejuvenation in feathering and increased in egg production during a period of thyroid hormone feeding.
With the development of chemical methods of producing a synthetic thyroprotein in this laboratory, it became of interest to determine the long-time effect of mild hyperthyroidism upon the egg production of chickens and upon their life span since it has been a rather common idea that this treatment would overstimulate the vital organs and thereby shorten the animal's life.
In 1942, groups of two-year-old White Leghorn hens were started upon such an experiment. Progress reports of our observations have been made (Turner et al. , 1946 (Turner et al. , and 1947 . The present report concerns the egg production records of the surviving hens during the sixth laying year, and the fourth continuous year on thyroprotein for the majority of the hens.
EXPERIMENTAL METHODS
The hens were housed in a 48-hen standard individual laying battery. The composition of the ration for the past four years has remained unchanged . The sample of thyroprotein* used during the entire 5 year period of the experiment was the same. It contained 2.7% L-thyroxine as determined by the chemical method of Reineke etui. (1945) . Schultze and Turner (1945) fed this same preparation to groups of White Plymouth Rock chicks in association with the goitrogen thiouracil (0.1% in feed). When the thyroprotein was fed at the level of 0.009% of the feed, the thyroid glands of the chicks were of normal size indicating that the above level of thyroprotein in the feed equaled their normal thyroxine secretion rate. These chemical and biological methods are now regularly employed in the standardization of the commercial product.
The experimental hens received the same battery ration as the controls except that 10 gm. thyroprotein was mixed into each 100 lbs. of feed. The management has been as uniform as it is possible to provide by the same faithful caretaker (Mr. Willard Settles). In dark weather, the electric lights were turned on about 7 a.m. and off at 5 p.m. The eggs were numbered as taken from the battery, weighed and recorded. The hens were weighed each 28 days at the same time in the afternoon.
The present experimental year started on October 17, 1946 and closed October 16, 1947 . The present year was rather exceptional in the unusual cool summer until about the 20th of July and then the unusual hot weather during August and much of September. In the examination of Table 1 , it should be pointed out that all of the hens during the pullet year, both control and experimental groups, were maintained at the Poultry Farm under control conditions. Part of these were trap nested and their egg production is presented. Those hens with a Roman numeral following their second year egg records are the survivors of our first experiment in which varying levels of thyroprotein was tested.
The other hens in the two groups were trap nested at the Poultry Farm and were fed a control ration. At the beginning of the third year, the hens included actually began the experiment which has been continued for the past four years. The control ration has been held uniform while the experimental group received the same ration except 10 gm. thyroprotein per 100 lbs. feed was added. In both groups certain birds are starred during their third year. In these cases, the birds were trap nested at the Poultry Farm and were fed control rations. In other words, the starred birds were not placed in this experiment until the beginning of the 4th laying year.
In lot II, attention may be drawn to those 5 hens with numerals II to IV after their production records. They are birds which have now received thyroprotein continuously for 5 years.
EXPERIMENTAL RESULTS
With advancing age, the control group has started laying later each year. This past year, the first eggs were laid during the week beginning February 9, 1947 ( Fig. 1) . They gradually increased in weekly egg production reaching a peak of 30 percent during April. There followed a rather irregular decline with the last' eggs being laid during the week of September 7, 1947 . During the 31 weeks that these chickens laid, their average weekly production was 15.7 percent.
The year was begun with 12 control hens. Of these, 4 died, leaving 8 surviving. These 8 hens laid an average of 35.1 eggs during the year. If one surviving hen which failed to lay is excluded, the average . production of the others is 40.1 eggs. The previous year these 8 hens laid an average of 58.4 eggs. The reduction during the past year was 23.3 eggs. The decline in yearly egg production of the control hens has been greater than that reported in the literature (Table 1) but during the past three years it has been rather consistent varying from 60 to 70 percent of the previous year's egg production.
In the thyroprotein-fed group there were 16 hens at the beginning of the year; three died leaving 13 survivors. Since one of these died September 23, 1947 after laying 85 eggs, her production is included in the group of survivors. It will be noted that these hens started to lay the week beginning December 1, 1946 and continued to lay the rest of the year, a total of 46 weeks. In this period their average weekly production was 36.8 percent. During a period of 13 weeks these hens averaged 60 percent. The 14 hens laid an average of 118.5 eggs during their 6th laying year in comparison with 93.4 eggs laid the previous year, a gain of 25.1 eggs. Eleven of the 14 hens produced as many or more eggs during the year than they did the previous year; in fact, the sixth year's production compares favorably both individually and collectively'with eggs laid The hens in lot II fed 10 grams thyroprotein per 100 lbs. feed started egg production earlier, reached an average weekly production of 60 percent which was sustained for 13 weeks, and averaged 36.8 percent during the 46 weeks the hens were in production. The control hens started egg production later, reached a maximum production of 30 percent, and during the 31 weeks of production laid an average of 15.7 percent.
in the second year's production.
Five hens in lot II with numerals II to IV after their second year's production record, have now been fed thyroprotein continuously for five years. Four of these five hens laid more eggs this past year than they did in their second year.
Each advancing year, the average decline in yearly egg production of the control group has been greater than in those fed thyroprotein. This year the average of 35.1 eggs per bird laid by the hens fed the control feed was only 29.6 percent of the 118.5 eggs laid by the thyroprotein-fed chickens. The consistently higher egg production of the hens fed thyroprotein year after year is suggestive of the role of the thyroid hormone in reproduction. In the normal hen of advancing age, it is believed that the declining rate of thyroid hormone secretion is responsible in part for the decline in egg production. When the supply of thyroid hormone in the circulating blood is maintained at a more uniform level by feeding thyroprotein, the egg production here with advancing age is maintained at a higher level.
The body weight of the two groups of birds is quite similar, although the control hens average about 0.3 lbs. heavier. This is the same average difference between the two groups as was observed the previous year. Since the control hens laid so few eggs, one might expect them to store slightly more fat than those hens laying heavily. However, it is apparent that the hens fed thyroprotein are able to consume sufficient feed to maintain egg production as well as normal body weight.
All who have seen the two groups of birds during the height of the laying season have been struck by the extreme development of the combs of the birds fed thyroprotein. Many of their combs reached such size that they became pendulous causing difficulty for the birds to put their heads through the opening for feed and water. This indicates heightened secretion of androgenic hormone by the ovary.
DISCUSSION
With each advancing year of this experiment it is becoming more evident that the normal thyroid hormone secretion rate and the genetic and environmental factors which influence it play a prominent role in egg production. It would appear that the thyroid hormone directly or indirectly stimulates the pituitary to secrete more of the gonadotrophic hormones stimulating ovum and yolk production as well as gonadic hormone (estrogen and androgen).
During the earlier years of the experi ment the influence of thyroprotein-feeding expressed itself by maintaining egg production at a higher level than the controls during the spring and summer months when it would be expected uhat the normal thyroid hormone secretion rate would be reduced . It did not increase egg production during the fall and winter. This is interpreted as indicating that the breed and strain of birds included in this experiment were able to secrete optimum amounts of thyroxine during the fall and winter. In other words, their inherited capacity for egg production was not limited by their thyroid hormone secretion rate during cold weather. With higher environmental temperature in the summer, thyroxine secretion became a limiting factor in egg production which was corrected in part by thyroprotein feeding.
With advancing age, it is believed that the thyroxine secretion rate declines. It eventually reaches a point where, in relation to the other hormones required for egg production, thyroxine becomes a limiting factor. This is believed to explain why during each succeeding year, the Downloaded from https://academic.oup.com/ps/article-abstract/27/4/453/1576137 by guest on 13 February 2019 difference in the egg production of the control and thyroprotein-fed groups became wider. At first the difference was chiefly due to seasonal environmental factors whereas later, the difference was in part due to the aging effect on the thyroid secretion rate.
The writers would prefer not to stress the difference in the number of surviving birds in the two groups. Larger numbers of birds which are free of disease will be required to determine the role of the thyroid hormone in regard to length of survival. The present group of thyroprotein-/ fed chickens are surviving slighlty better than the controls, while at the same time they are laying far more eggs. Certainly, in this group the thyroid hormone has not shortened the birds' lives. The evidence furnished by the present data is in conformity with the suggestion already made that the degree of hyperthyroidism produced by the feeding of 10 gm. thyroprotein per 100 lbs. of complete feed is so mild in character that the glands and organs other than the thyroid are not overstimulated.
It has been demonstrated that the thyroid gland ceases thyroid hormone secretion upon the feeding of the above amount of thyroprotein. Further, the secretion of thyrotrophic hormone by the anterior lobe of the pituitary would practically cease. Since both the thyrotrophic and follicle stimulating hormones are believed to be secreted by the basophilic cells, it is possible that larger amounts of gonadotrophic hormone may be secreted by these cells in the absence of thyrotrophic hormone secretion.
From the point of view of practical poultry husbandry, these observations indicate the possibility of extending the productive life of fowls. The trend toward all pullet flocks should be reevaluated in the light of the possibility of maintaining higher egg production with advancing age by means of thyroprotein.
These data also suggest the use of thyroprotein in breeding flocks of birds with proven progeny. It should be possible to increase the egg production of older birds so as to increase the number of offspring. Unfortunately, at the present time, nothing is known about the influence of thyroprotein on the fertility and hatchability of the eggs laid by old hens. However, even though it did not increase the hatchability of the eggs, the increased number of eggs would enable the breeder to obtain more progeny from proven hens.
SUMMARY AND CONCLUSIONS
A group of 16 White Leghorn hens in their sixth laying year were continued on a ration containing 10 gm. of thyroprotein per 100 lbs. of feed. Fourteen of these hens laid an average of 118.5 eggs in comparison with 93.4 eggs laid the previous year. In this group, five birds have received thyroprotein continuously for five years, seven for 4 years, and four for three years. Three hens died during the year.
In comparison were a group of 12 control hens of similar age. Eight hens survived the year and laid an average of 35.1 eggs. The previous year these hens laid an average of 58.4 eggs. The 35.1 eggs laid by the controls was only 29.6 percent of the 118.5 eggs laid by the thyroprotein-fed birds.
The month by month variation in the average body weight of the two groups was quite similar although the control hens average about 0.3 lbs. heavier each month.
The maintenance of egg production in the thyroprotein-fed group in comparison to the gradual decline in the egg production of the controls is interpreted as indicating that the normal thyroid secretion rate declines with advancing age and that the thyroid hormone becomes a limiting factor in egg production. By the continuous feeding of thyroprot'ein the circulating thyroid hormone is maintained at a uniform level thus preventing this limitation.
